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Pfeliminary Resea r ch on the Respo n se of Regim e n
to Clim ate manges in T i bet Plateatl
Li11Tianchotl (*) zLnd Zha o Cbnia n( = )
一 T ibet SIJfVey 伽 r e a u of 坤dr olog yand Wate r Res o tlfCe. u 岨 S a, qlin a
” Nat io nal Nattlral Scien c eFotmdatio n of China, 鮎ijing, qlina
Åbstfa Ct=
This a ∫ticle talk8 abo ut the long- tcf m Se,ie s of te叩 el atu r
.
el
p王eCipitat io n,lake s, a nd rivef r t n Off ac cofd ins to ob8 e r Vatiく)A natt∋fials .
The res ults sho w= the tempefattlre increa ses a nd the in c f e鵬 iI嶋 r8喝 e in
官inte r(Oetobe f- 姐8 E Ch) is m o t ethan in St m e f( Jtne - Septe bbef) I the
甲ate r le v el of inla nd lakes des ce nds ; t he pE e Cipitation & 丑d fiv e f
ftm Off change a c c ofding to f eSio n s zt nd they tlStnlly decr ea se in both
nofthwest of Tibet aha in side Ti bet.
Keyy ofds= Tibet P lateatl, te mpef atlユf e, W ate flevel of lakes, Ltn Off
1. T he Be8i¢ Cha 上aCte fist ic of 苫ydfOlogy
Tibet Plate a u, with an ar ea of abollt 1,2 00, 00kzn
2
a nd a n a v e r age elev atio n
of く)Vet 4,500m, i8 the m ain part of Qingヱang Plate 肌 , m 岬 inpo fta nt
rive rs S u ch a s the Ya喝tZe R iv e r,Nujia ns Riv e r, Sal甘e e n Riv e r, La n c 血g
Rive f-h4ekong R ive r,Ya flu ng Za r嶋bo Riv e f
- B王ahm aptlt工a Riv e f, Ind ia n R iver
and ‡r ra 甘addy Rive r al lo Ligin ate fl On)bf pa s sTibet(Fig.1).
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Fig. 1 The W ate rSyste m in Tibet Plate atl
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The r e a t e nlO r etha n 20fiv e r s with df ain age afe& Of mor e than 10, 0 00b
2
yithin the bot mdafie 8, in cluding the lo ‡嶋e St On e
- Yarluns Zangbo Riv e f,
yhich i8 2,229km
′
$ 1o喝 ▲ It
′
さ eStiJn 8ted that the fiv e r r t n Qff in Tibet
platea u is 448.2 billion h舌 , The y ateLpO Y e f r e 写O u f C e f e S e r VeS in te f m8
of che o 王y a r e m O f ntha n 0.2 billio n kilowatt, a nd a humifed mil io n
ki lo w at tWit hab le to ope n qp t he f e$ OtlfCe S' Which is o ne of the 山0 魯t
ple ntiful p王O Vin c ein the y ate f feS etlf Ce母 and y ate LpC Yre r l e S ell ECe 8 in
the yhole co tn tfy.
The lakes On Tibet P lateau sc at ter al lo vef like 母ta f Sin t he sky of Jn en
on a che$ 8bo a土d, yrho se are a is abo ut 1/3 of the total lake ar ea sin China,
a 血o ng Which the r e a r e s e v en lakes,e a ch ha s a n a rea O王 tB Ofe tha n 500kn
2
,
a nd thf e elakes e a ch ha s an ar ea Of n o t etha n 1,OOO血
之
. Na A C Olake, yit h
a n a T e & Of ユ,9 60kn
2
, ha st he highe st ele vatio n in t he v o rl d- 9 8 pe 王ee nt
of the lake串 a r einla nd lake s, yFh ilc t he otltflo y lakes a‡e dotted o v e r
the otltflo y fiv e r sin s o uth Tibet atld s otlthea st Tibet 8nd the af e a S a re
very sTnal l. bto st o王 the inla nd lake s a fe 8 altw 8te f lake . in a 王ew
fr eshy ate E la鞍e盲 Of the plate atl, ぬp8 血 Ytync olake ' yit ha n ele v ation of
4,588m,is the s e c ond biさ 如 eshyate f lake in Ch in a.
G la cie r in Tibet is 46. 7 % of the total gla cie r a re a in Qlin a.
Nyainqe nta nBCha hto Ⅵntain sis the co nce rt_tr ated distfibtlt ion f egio r1 0王 t he
n a fin e gla¢ief in Ch in a. 1,500milio n m
3
gla cie r melts pe r year . T he
fam oll BQiaqihさ Gla cie f, ha s alength
■
of 35kn a nd a n a r e a of 151. kJn
2
.
T he c o nt in e ntal gla cie r is m ainly c o n c e ntr ated in E.a r 8止o rtlHo tt ntain s 抑d
the n o rth of the Eim alaya s. The Rongpq Gla cie r. 母ittnted in the n o rth o王
No t 氾t Qonola ngnal i8 t he lo nge st glacie f Of the 一esio n, which ha s a
lcnsth of 22.2 km ami an a∫ea of 86.9 km
2
. The y ate r f e 8 0 tl r Ce Of Tibeta n
g18Cie f is 60%of the total in Chin a and is the main s upply to lake与 a Lld
fiver s. T he te mpe L atu fe Cha Llge ha s direct affect on t he m elt aFld gr o wth
of gla ciers.
2. The Te mpef atu rC a ha the ffydr oloさic Situ atio n of Lakes, Gla cic f atld
RiveI･S
2.1 Tcmpe rattlr eChange
Re c e ntly, marty res e a r che s o tL
o rl. Dl . Ya o, Tarldons points
of getting y a rLne r ifl r ece nt
otⅣio q sユy highe r tha n othe r
is the m o st s e lio u s. 〟( Ya o)
the te mpe r atⅦr e of Tibet h ve be e n c a rried
otlt! NTibet Platea u ha s an obvio u s te nde n cy
de c ade8 . The tempe fatllf eincf e a声e8 n Ot O nly
a rea s, bnt 81s o tha n it甘a 8. Gul iy8 1 icecap
ye agre e With BIT . Ya o
'
s opinion aJld ft1∫thef note W e h氏v e done b o re
resca f Ch on spa ce
- t im e Cha nge .
- 44-
Te mpe fatllf e is n ot o nly a very i山pOfta nt fa cto r of clim at.el bt .also a
Jn8in index that f efle ct& the materiaユ ba18n Ce Of glacie L.
Acco rd ing to obs e ∫ving te mpef attlf e由ta at abotlt 30Statio n s) 1 0 - year
flユn ning a ve faSe te 血pe ‡attl fe W a s C alctlated at the typic al stat io n 忍
冬ele cted(Tab le 1).
Table l･ Table fo r Tim ely Av e r age Te mpe r atu re Div ez･gen c eof Typic al Statio n s
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Table 1 sho y sthat h ot O nュ), ffOm Ye8t tO ea st, Of fro m Z10 fth to s o uth in
the Plate a u'but als o alo ng the foot of the Eimalaya 8,the te叩 ef attlfe ha s
a in c f e a Sins te nde n cy. The fange Of tempe r atlユf e izIC 王ea 各e differ s Vith
the pla ce ･ The incfe a Sins fa喝 e per ye a r is bety e e n0.5℃ and 1.0℃ in
the hintefland与 Of plate a n, while in t he so tlth edge af ea S
.
Of Tibet
Plate a ll alo ng the Eim alaya s,the in c f eaSl喝 fange Of te7Dpe fatuE e i8 lo we r
than that in hinte 上1a nds. The teJnPe r attl f eV a 8 almo st not change from
1970to 1980, s otB e a 王e 8 8de c 工ea Sed.
2
1
0
-1
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1
0
-1
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-1. 0
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Fig
･
. 2 M o nthly Aveq age Te nper&t11 re
Cha ngein the Typical Statio n s
The increa sing range Of
is d iffe l e nt in ev efy
yca 王( F i畠u re 2) . The
in c rea s e s m ainly ff O m
te血pe fat11fe
ねonth of a
tempefatufC
Oct. to the
yinte r( Na f Ch) of the n e xt ye a r. Fo r
ex anple,the av e f aSe te mpe r atu r eper
year in Naqqu in c f e a S e S1.0℃ wh ile
in vintef the te mper atu r ein c r e a s e s
1. 7℃ , it incfeaSe$ 0, 8℃ and li2℃
in Damx ung, The incfeaSing fanSe Of
tehPe f atu re fr o mJtm e to Septe b e f
ih S u m m e ris le8 8 tha n in winte r.
Ih the in c fea Sing pf O C e S S Of te n
pe ∫atlユre in s tm ef the h･ighe st
tetnper atu fe O c c u r sin J une yhich
tnakes the m elting spe ed of gla ciefS
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to a c c el fateS. WA確 . LinsILallpoints Ollt that
nT he te mpe f atuf e Change in
s u m m e rha s m eh effect on the incfeaSiI噂 O r de c r e a sing of ze ro bal氏nce
ユin e of gla ¢ie f S.
” The Ya flt n8 River, a tfih)ta fy Of t he Ya 王1o喝 Za nsbo
River ,Which the s otLfCe the Y ilarXangbo Gla cie r Yra SCOllap8 ed in 1995. It
w a 与C a u 8 ed by the te呼 e f attl fe f 8pid in cre a ses fr o mthe midd le te n days
ぬy t()t he midd le te hdays Ju n e. 1t is also fo und that the a ve f aSe
inc∫ea sing range Of te mpe fattlf epe r year and pe r S e a s o nis diffe re nt
yith the d istribtltio n of regio h Si . The f a Age is sh(⊃wing a n in c r e as e s
te ndency ffom 8Outh to T10 fth ih Tibef. T he average incfe a Sing f a n各e
tempe f atll f epef yea r is 0.4℃ in s o-ユthPagEi, it incr ea se$ 0･ 6 ℃
yinte ∫ a rd le s stha n 1.0℃ in D 地 場 , bqt it increa s e sgf adtnlly
n o rth, in Nagqtl. the te 払pe王at11re in c fea S a 与tO 1.7℃ . ( Tab le 1. Figtlfe
of
in
to
2.)
2.2 T he Ql a nge O王 Pf e Cipitatio n
All B irds of y ate f S up plie s in Tibet c o m eff O m r ain fall.T he 甘ate r V apO∫
mainly com es fLOm the y ar n ai∫flo w of the by of ぬ ngal of Ind ian Ocean '
血ich go e sto the n o rth and e nte rs hinte f18nd8 Of platea u by the
obstftI Ctio n of t he h im alaya s and lo ses very qtlickly. Gr ad ient
pfeCipitatio nfo f mfr o血 $ O qt hea 8t tO nOfttⅣ eSt a血d ff O 血 S O uth
irLplate atl. Ⅶ1C Cha nge of pr e cipitatio n pe t ye ar is v e ry SJn all
di8tfibutio 血 is very u ne v en . hlo 8t a fC a S C a nbe d ivided into dry
sea s ons . ･The p王eCipitatio n fE O mJt m eto Septe nbe f ea ch ye a ris
且esio n 8 0f
1: o n o rth
aTId the
arld wet
70一 名0 ”
of the pr ecipitatio n of the vhole yea r. eSPe Cially in the midd le of the
Plate a uthe pf C Cipitation i8 OV e 王
P. 1･O
F
l. 0
. 1.0
1. 0
9 0%
BON E
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1g 8 0 19 7 0 1 9SO 1 9 9O
Fig. 3 The Pr o c es sLin e of Ye a rly
prec lpit&tion in the Typic alSt&tio n 8･
pitatio n! the v a riati(⊃n c oef f icierlt 伽 to
Sく嶋 Ⅹia n, is betwe en 0. 20 a tLd 0. 25.
In figtlr e 3, the v e rtic al
c o o rdin ate i8 designatcd by
Pi/P,Pi is the yearly pfeCi
-
pitat ion, 亨 i8 the av e f aSe
ye a fly pr ecipitatio n of s e v e
-
f al yea r s. To the s o tlhea st of
Tibet ca st to Bo n ethe r eis a
Small change in pfCCipitat ion
pe r ye a r a nd the v afiation
Co efficient of yearly pr ec lpl
-
tatio nCv is belo v0. 20. The
pr e cipi tatio n in the 1960
1
w a s
be1()Ⅴ
甲hile
70
'
8
abo v e
S eem s
the yea rly a v e f age,
t he pr ecipitation ff O m
to 8O
′
s irl C rea S ed to
a v e f age アeafl), amol皿 t. It
that the r e y a s a
in c r e a sing tende ncy of
the n o rthe a ster n Tibet
The pfe Cipitatio rl ha s
flu cttLat ins afOtmd the 8 V e ∫age Of many years sin ce 1950
'
s .
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l it tle
pfeCi-
alo ns,
be e rl
The
1i血te f18nds of the plate a u, u 朋 a and Qado,the v a fiation c o efficient Cv
i畠 afOtmd O･30･ The ye a rly pr ecipitatio n y e f elaEge = han the a vefage in
血o st ye a L Sbefo r e1 970,yhile afte r197Othe pf eCipitatio n of alm o st all
the years at tho s eStation母 Y a 8bel卵 the a v e fage , The pf eCipit&io n ha s
be en r e血 c ed by 3-5% in the feCent 40years, In the no rtIⅣ csf of Tibet,
pfeCipi tat io n
■
in Shiqu anhe is belo w 20m m and in hinterla nds the
pre cipi tat io n is even les s tha n 50m n. The v a riatio n C oefficie nt is
lafge f tha nO･ 35･ How ev efl th is fa etof W a s above a v c fage in 1970
1
s a nd
belo w a v erage af ter 1980
'
s . The pre cipitation ha s be e n redu ced by 5% in
f e C e nt 30yeafS ,
2. 3 Eydf OIogic Sittnt io r1 0f Rive l･ s
J.4
Q▲ 1 . 0
～
0 .8
百 1. 4
1. 0
0.6
1. 4
1.0
0 . A
T ÅNG G YA (L甘A S A R.)
抑軸
LロEm (Y A R u TNG Zm O )
Q A HD O (L AN C A N G良. )
ye a r s
1 98 0 19 7 0 1 9 80 19 90
Fig. 4 Flo w Am o u nt Pr o c es sLine of
Typic al Statio n in Drain age Are a
f un Off and百is the yea rly a vef aSe fru l Of fof
This 丘rticle o rl y giv es
thr e e C O ntr OI station s a 8
ah eX 弧plel in citlding t
■
he
Ni戊ia r
mid dle
Zahgbo
Statio n
ehe声 Of
Station in t he
r eaches of rarlu ng
River, the eho mdo
in the uppe r re a
-
Lan c a喝 Rive f ad
the Ta nggya Statio n in the
lo wer J.Ca ches of ul a S a
R iver. In Fig4. the ve rtic al
c o o rdin ate
pfO CeS Sl in e
a sQi/苛,Qi is
many yeaZ
l
S .
sho w the cha一喝e pro c e s s Of f 皿 Off ha s ade c fea Sing te nden cy
ye ars, it r edu ced by 3
-536 .
T he r ea‡e a lot of
社m OLLnt, aTnO hg Whi()h
difeCteSt f ea S OnS .
f lo w a m(】t Ⅱ1t
is s ele cted
the ye a rly
In order to
ill feCeut 40
re a s ons Wh ich c a n ca us e the fedtlC tio n of fiv e r
the climate cha喝 e8 a nd the human 8 etivities a re
The dr ain age a f e a SOf the rive r Stat io ns from Fig
aloJnSt be sittL ated in
gla cie r a rea s m ake up
o n e f eSio n which the
pf e Cipt io n.
the hinte rlands of platea u, and the proportion
qtlite small in the whole df ain age a r e a s. Th is
fisinさ Of te mpe J
l
atu f e a nd the fedu ctiorl
f low
tbe
4.
of
i$
of
T he te npe ration incre a s e s a nd the m el ting speed of gla cier s a c celefateS
c a u 包ed in c.r e a 告ing the 王iv e f ftrl Of faJnO1氾 t fat le 包写 tha n the fiver rtm Off
a皿Otlnt･Which the te mpe f atu f ein c rea ses,the evapo r ate increa se 8 and the
c ond it io n of 各iv e a nd flo v together in the s uffa ce is not go od c a u sed
f edu cing･ Fif St, the fedu cti()n ()f pr ecipition is the hairl r e aso n, Wh ich
c a u se the fedu etioII Of 士ivef f u a Off . Sec o ud, the in e fea SiTlg Of ir figate
w ate r i!一 faf mland azld pa stu fela nd als ois a 紬 cto r n ot to be ign o red.
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The Nyang Ch Riv e ris o n e of f iv e tEibqlta fie s of the Y& El叫 酔 nsbo Riv e f.
伽 a c c otmt of t he incr ea sing of if Zigate y ate f is the■ JiangZiI 血ich
¢atchme nt aL ea is 6,200kn
2 sin ce 1 980
'
s, it happen ed to ctlt Off the
flo yinte r mit te ntly bety e e n Apfilto hy. The yea rly ftm Of ff edtlCed by
20% . sa n e fiv e r s o
l
tl f C e S a nd 包m a11 tributa fies eve tL mo一e l ike this .
2.4 The Cha nsc of Water Levels of Lakes
The o utflo y
18kesl the
The ¢hange
the nell: of
of $1a¢ief S
lakes of Tibet Plate au arc bainly five f
'
s f lo y- in - and - out
y 8tef･1evels of lakes change yith the 冊 te f level of Rive ∫8.
of yratef levels of s o血e m O L ain elake s is h ninly infltl e nCed by
ice a nd 包n O 耶When te mpe ratllre in cf ea Se忍,
8 C ele f ate S a nd mor e Jn elt in各 Y ate rflo y s
tht the v ate rle v els of lake s go tlP.
Inla nd lake s ?r e S e n sitive to the cliJn ate Ch8 nge▲ Thi8
enphzISis on the pf eli血in & fy a n &1y8is of y ate r le vel
Ytmco, 7血ich is the bi鎚e 8t inla nd-lake in t he 8 0 uth
22. 00
le v el
( bas e le vel)
( ”)
20.00,
l S.00.
the m elting speed
into these lakes s o
a fticle puts m tl Ch
chnge of Y8 m Zho
of T ibet Plate a ll.
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Fig. 5 w ate rLe vel Proc e さ昏Lin e of Yan 血 o Yu n c oI. .
Yanzho Ytn co h8 8 ad上ain 8嶋e a re a Of 6,100h
2
, a lake a fea Of 631kh
2
a nd
a lake face elev at ion of 4,4 38h abo v e. the sea le v el. The p∫e cipitatio n of
the draih8唱e af ea is abotlt 360m h a nd the a v e f age e v apo r atio nis 1,250tnm .
The yeafly a veE&ge te 血pe r atu t eis 3.6℃ . c^ co rd ins to hydE Olく唱ic feCO fd
Sin c e1974and histo ric al hydfOIogic stlfVey, in r ece nt loo yeaf S the
y atcf level cha n合e alte f natCS betye e n fisins pe riod and falling pe riod,
but the yhole te Tlde ncy is desce nd ing, e8PeCiz1 1y afte r 1970
'
8 be c a u se
teq)e王attl r ein c f e a S e Sand pf CCipit8t ic n f e申c ed, the te y a 母 n Ot en o ugh
w ate ftO f lo甘 into this lakeI While yith t he
a ctivities ff Om 1980
′
s to 1990' s (m ainly c a u s ed by
ir fig且te the fa f n a nd pa sttlfe la nd ). this pr ob le m
Fo r ex a mple , ChfL皿 gXu I噂 Qu arid Ga土地血in Qu, which
C&山 皿 伊 仙g Qtlis the m elti‡噂 Of sno y 姐d ice ( th?
- 48 -
inf llen C e Of ht w
tl Sing lake y ate E tO
be c zLm e m o t e S e rio u s.
flo yinto Yam2:ho Yumco.
proport ion of gla cie r
afe8 S m ake tq) 20X in the whole dlain age a ∫e a s= the yea rly m n off
cha ∫ge is stable and the co efficie nt
l･56; has no obvio u s¢hansc fL O mthe
1990
'
s . The te 血pC E atll f e incre a s e s,
a c c ele f ateS a nd the s upply of fiver
decrea 8irlg Of pr ecipition . Ga r m al in
of m odullJ卓 Of the ye a rly f u n Of fis
mid le
the
f un Ofi
Qu i8 nO
a nd the inf lue n ce of hL止血 n a Stivities , yhieh
of 1970
'
s to the middle of
m elting spe ed･of
in c fea 8e8 tO make
the A)eユt ing of sno w
the c く)efficient of
glacie r s
tlP the
and ic e
m odn1llS
of t he ye a rly ∫- -f f is 7･ 72･ T he c a u s eof df a - ater from the tlPPe f a nd
mid le fea CheB Of the df ain age to if figate tIIC pa Stu fe la nd ha s Obvio u s
in c r e a se in 19 0
'
s ･ the ir rigatio n se a s o h 与( between April to Ju ne) pe r
ye a fhappen ed to c ut offthe flow sitLC e1991. Ⅵ1eIlthe Ya mzho 馳mc o ha s
t he ye a rof plenty of w ate r ih 1995, but Gaf malin Qtl Sti ll has c ut off
the f lo wfo r n o t etha n tv o monthe s a nd the yea fly f W10ffy a8 belo y the
SOX of n o m nl anlO t m.
blo st of the inland lake sih plateau a‡e in the period of de clinat ion)
s ozn e which hzIV eple nty of 甘ate r StlPply (81 Ch &s the melting of S n o w and
ic e) s u ch a s Po 血o yt m c o a nd s al ty ate f lakesl gefen c ol La nla ng co all
ぬpam, Ytn c ol Ba ngo n8 C Oha s nO Obvi 皿 S Cha nge in 甘atel
- level.
3. Re Tnafks a nd Conclu写ion8
3･ 1 The a ve rage te nPe f atllr e Of Tibet Platea u in c rea ses a nd the
in c r e a si喝 fange Of te npe f atlユ王e in winter (Oct. -b也rch) iB Jn O 王et ha n that
in St m e r(J皿 e - Septe nbe f)I the ih C f e a Sins a bPlitd e incfe a 8 e 8 fr o rn
Sollth to No rth.
3･2 In f e C e nt 40 yearsl t he pr e cipitat io n change
feSio n sin Tibet Pl8teat) ha s be e n u nbala n ced.
s o uthe a st of Tibet ha s a nincrea sing tende ncy azd
in n o rt hea st of Tibetl While it ha s ade c feaSi喝
and cente r of Tibet Platea tla nd fedllC e Sby 3- 5%
a血0 皿t.
in c r ea sed i中 diffe f e nt
The precipi tatio n in
ha s n oobvio u s cha n阜e
te ndency in n o fthw e st
of the yea rly a v e f age
3･3 T he le v els of mat[y inla nd lake s at edes ce nding
8hfiI止ing.The wate f le v el of Ya m zho Y皿 C O ha s a
be c atlSe Of t he redu ct io n of pr ecipitatio n a nd the
a ctivit ies .
a nd the w atef ar ea is
de s cending te rlde n cy
influ e nce of h□血a n
314 The gett ing w a r m Of cl ibate ha s cha nged the en viron m e nt of the whole
w o fld･ Aln o 8t allt he gla cie rflo od and gla cie r n od
-
f O Ck flow often
o c c u rin T ibet P latea u , wh ich ind ic ates the en vif O n m e ntal effects
C a u s ed by the in c rea sing te血pefature . Restricted by the obsef V atio n
data a nd e specially la ck of lo ng
- ter m f ield obs e r vations , the
u nder standinさ Of thi声 theme is quite p∫eliTninafyl a nd ne eds to bc
c a f fied on in the ftltu f e.
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